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By Warrer 8. DigsL
SUMMARY

Equations for instantaneous velocity and distance flown are derived for an airplane which
crosses the starting line of a speed course at a speed higher than that which can normaslly be
maintained in horizontal flight. A specific case is assumed and calculations made for five
initial velocities. Curves of velocity, average velocity, and distance flown are plotted against
time for each case and analyzed. It is shown that the increase in average velocity due to a
diving start may be very large for short-speed courses.

INTRODUCTION

In attempts to establish airplane speed records when the method of approach to the speed
course is not specified, pilots often dive in order to enter the course at a speed greater than that
which can normally be maintained in horizontal flight. The flight over the course is then
made at a speed which usymptotically approaches the normal horizontal speed as the excess
kinetic energy is absorbed. The increase in average speed thus obtained for courses of varying
length should be of considerable interest to pilots and to the officials in charge of contests.

So far as the writer has been able to ascertain, no analysis of this problem has previously
been made. In the present analysis, assumptions have been made so as to simplify the problem
as much as practicable without seriously affecting the validity of the final resulis.

ASSUMPTIONS

In order to obtain e simple and reasonably exact solution of the problem the following
assumptions have been made:

(1) Propeller thrust is constent,

(2) Flight over the course is horizontal,

(3) The resistance varies as V3. :

The first assumption is a simplifying approximation only. If the brake horsepower and
propeller efficiency were to remain constant then the thrust must vary inversely as the velocity.
Actually the engine speeds up and delivers an appreciable increase in power when the flight
speed is increased, while the propeller efficiency remains substantially constant. The net result
is a thrust which neither remasins constant nor varies inversely as the velocify. Since the
assumption of constant thrust is simpler than that of variable thrust, it has been adopted.

The second and third assumptions are fully justified. One of the requirements always
made in speed runs is horizofital or substantially horizontal flight. The change in angle of
attack required to maintain horizontel flight is very small under the conditions assumed. Con-
sequently the drag coefficient will be constant and the drag will vary as 72

DERIVATION OF EQUATION FOR YELOCITY

The horizontal forces acting on the airplane are thrust and resistance. The equation of
motion is '
WiV

F=(T-B~ g & (1)
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R mey be replaced by its equivalent KV? the velue of K being taken for R in pounds and
V in feet per second, in order to obtain consistent units. - Substituting KV* for R and rearrang-
ing equation (1) gives '

A (12)
which upon integration becomes - _ I : l
9TE, .  (T—V,JTR) +V (yTE-ET,) o
W (Y VTR - V(TR+ KV @
or
»JTE, (T-V,JTK)+V(JTE—KV,)
¢ (T+ V,yTR)— V(yTE+ EVy) (28)
from which
2Z%TK '
'd (T+V:n/m6 ‘+(Vom—11) B .
Ve wlE P -{3)
(VTE+EVye #  +(JyTE—-EV,

In these equations 7'is the thrust-in pounds, ¢ the time in seconds measured from the time
of crossing the starting or base line, V, the velocity in feet per second when ¢=0, T’ the
instantaneous velocity in feet per second, and K the resistance coefficient previously defined.

For simplicity equation (3) may be written in the form

0 C,

gﬂt_l_
V=%e¥0, = (8e)

C,=(T+VANTE)
C= (Vo‘\/TK— 7)
Oa'= ('\[T—K'l' KV:})
04‘:' (‘J—TE— KVa).

where

DERIVATION OF EQUATION FOR DISTANCE
The distance flown in a given time may readily be obtained by integrating equation (3a).

_ _ [t 0,3t + C, . .
S—det—fto[W ¢ &)
S a%*s log,(Ciet + ) +a% [at—log,(C\eat+ 0) + C. ®)
Equation (5) may now be very much simplified by returning to the original terms, since
G _ (T+V,VTK) e
a0, 2g\ﬁf(1/ﬁ+ KVS 293 (6)
%= VoVTE—T) —E_,E,T_VK. e
al, WT TR - EV,,) & . D )
G, _(VJTE-T)_ T (8)

O WTE= KTy VE™
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substituting (6), (7) and (8) into (5) gives
S==g—Txfrlog,(an“‘+ C)=Vit+C (58)

When {=0, §=0. Therefore _
LiZ
= —R log (Ce+ O)

w
= —7E log.(2VTK)
from which . .
w W
S=§—K 1og,(0,e°‘+ c)— Vot—g—K ].Oge(g-\[TT) (9)
APPLICATION OF EQUATIONS TO A SPECIFIC PROBLEM

In order to study the effects of a diving start, a fictitious airplane having cha.ractermtlcs
similar to the recent racing designs will be assumed:

Let W=2,100 Ibs.
V=250 M. P. H.~366.67 {. p. s.
and T'=R=600 lbs.
Then K=600/(366.67)?=.0044628
+E=.0668
1/7_7"= 24,4049

+TEK=1.63636 " .

i4
JE= 14615.335

The equations for velocity and distance may now be written for any initial velocity V.
Table I contains the evaluation of the constants for five values of V,: 260, 270, 280, 290, and
300 miles per hour. The resulting equations are:

I V,=260 M. P. H.=381.333 {. p. s.
) 1224 ¢ SoMi4 24 .
Velocity V=333818 ¢ ®i— 06545 (10)
Distance flown S =14615.34 log,(3.33818 ¢ *014f _ 06545) — 366.67 £ — 17328.30 (11)
II. V,=270 M. P. H.=396.00 {. p. s.
1248 %014t 4 48

V'=310364 ¢ ™t — 13001 (12) .

8 =14615.34 log,(3.40364 ¢ ¢ _ 13091) — 366.67 {— 17328.30 (13)
I, V,=280 M. P. H.=410.66 {. p. s.

050142
7o 12726 +72 (14)

3.46909 e 50142 — 10636
§=14615.34 log,(3.46909 ¢ %54t — 19636) —366.67 {— 17328.30 (15)
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IV. V,=290 M. P. H.=425.33 {. p. s.
1296 ¢ %014 196

V=35 53455 ¢ i 26183 T T - (16)
S =14615.34 log,(3.53455 ¢*01t — 26182) —366.67 £— 17328.30 (17)
V. V,=300 M. P. H=440 1. p. s.
1320 ¢ s04e 1 120 S N
7= o i Ll . o
V'=3.60000 & "t — 32757 (18)
§=14615.34 log,(3.6000 ¢.%014¢ — 32727) — 366.67 t— 17328.30 ©(19)

Velacities, distances, and average velocities have been calculated from equations (10) to
(19), inclusive, and are given in Tables IT and III and plotted in Figures 1 to 5, inclusive. A
summary of these data is given in Table IV and plotted in Figure 6.

CONCLUSIONS

From a study of the figures and the summary in Table IV, the following conclusions may be
drawn:

1. The effect of a dive before crossing the starting line is to increase the average velocity
over the speed course by an amount which is directly proportional to the increase in initial
velocity relative to-the normal horizontal velocity.

2. A 10 per cenf increase in initial velocity gives an increase in average velocity of 7.1 per
cent over a l-mile course, 5.2 per cent over a 2-mile course, 4 per cent over a 3-mile course,
and 3.1 per cent over a 4-mile course for the specific case investigated.

3. The effect of an increase in initial velocity persists for a longer time than would be
expected. At the end of one minute the velocity is still appreciably above normal.

4. Speed records made over courses of different lengths are not comparable when a diving
start is taken. '

TABLE 1
EVALUATION OF CONSTANTS IN THE EQUATIONS FOR VELOCITY AND DISTANCE FLOWN
W=2,100 Ibs, Ve250 M. P. H., R=0001bs,
b VM. P Heoooooeoen] 260 270 280 290 300
| Velp.s 22T — . 38L83 296.0 410.66 425.33 440.0
| L A 6240000 | 480000 873, 0000 894, 0000 720. 0000
Ciom (T4 Yoy TE) e e eame 1,224.00 1, 248,00 1,200 1,296.00 1,820.00
| Com(VaTE—T)omeeeo. 24.00 48.00 75 00 96.00 120,00
g A 1.70181818 L 76727272 183272727 1 189818181 1. 96303636
| Ctm (N TE+E Vo) ameeeeo | 2.33818181 2.40063636 | 3.46009000 |, 3053434545 3. 60000000
' C=(JTE—=EV caeon|  —0884848 |  —.130000 | zhess  —oumis —. 8272127
l BYTE i 050141 .030141 l‘ = 050141 | T Losh41 . 050141
Tmf00 VT2 AM9
K= 0044628 ~Ew=.06680

+ TE=1,638363

m— repar i 7. -



THE EFFECT OF A DIVING START ON ATRPLANE SPEED 427

TABLE II L
CALCULATED VELOCITIES .
Wm=2,100 1bs. V250 M, P, H. Rwp00 1bs. o
Velocities—M. P. H. -
Time
S8C. | Pem560 ’ FamaTC | Vpm280 | Fim290 | Vam300
o | 260.00 | 270.00 200.00 | 300.00
2 | 25003 | 26802 | 7608 | 2WEo2 | 2948
4| 25815 | 266.24 | 27438 | W2 | 200.18
6 | 257.37 | 28465 | 27.86 | se.01 | 28607
8 | 25865 | 2832 60 | 2810 | 2241
10 | 25601 | 26103 | 267.74 | 27340 | 2880
15 | 25467 | 250.% 70 | 2810 | 272.30
20 | 25362 | 25715 | 260,60 | 263.07 | 26728
25 | 25281 | 26555 a1 | s | 263
30 | 25210 | 25431 | 258.37 | 25837 | 260.30
40 | 25132 | 25260 | 253.88 | 265.04 | 25419 <
50 | 25080 | 25187 | 25282 | 2:.04 | B3.42 =
60 | 25049 | 250.95 25L.84 | 26225 -
TABLE III o —
CALCULATED DISTANCES AND AVERAGE VELOCITIES ooy
Wm2,100 Ibs. Vw250 M. P. H. Re=600 Tbs. .
| Vem260 Vem210 Vo280 Vm250 Ve300 e
| !fne' i -
+ see. ! Distance| Average [ Distance | Average | Distance A.verm Distance| Average [ Distance | Average ’
i flown veloclty flown | velocity [ flown veIodty‘ flown | veloeity | flown | velocity
Miles (M.P.H.| AMiles |M.P.H.; Miles [M.P.H., MRes [M.P.H.| Miles 3LP.H.
¢ 260.00 | 0 2000 | 0 2000 | © 2000 [ 0 300.00
2 L4 | 25098 L1490 | a7 155 | ZR18 .160 | =48 L1685 | 207.03
4 c288 | 25870 c208 | 28771 | .50 | R 817 | mEES J827 | 20450
6 c431 | 25838 cat5 | 286008 ca9 | 27548 ca3 | %390 487 | ;s
s o3 | et (01 | 288,00 L6508 | 27410 e | ®21e cea8 | 200013
10 s | rE 787 | 285.28 758 | 2708 750 | 280.60 s | 38 ™ -
15 | Loso | 25064 | 1o0os | 26856 | 117 | zo4n | Lis5 | 2rr1s | L1183 | 283.88
20 | T42 | 26593 | Ld4s6 | 26212 | L1400 | 26823 | L524 | e | L567T | 350.2¢
25 | 1778 | 25581 | 1812 | b6088 [ 1.850 | 266.38 | 1888 | 27LB0 | 1.9%6 | .18
3 | 2128 | 25478 | 2165 | 2mess | 2207 | 28Le7 | 2240 | 28067 [ 4288 | L4 =
40 | 28w | 25375 | 2863 | 25813 | 2914 | 28226 | 20 | 26€32 | %004 | 20.33 -
50 | 3518 | 253.98 | X567 | 268 | 366 | 260035 | xest | 238 | 374 | 29748
60 | 4213 | 20279 | 4304 | 2S5 | 4316 | 2WEET | 4364 | 2088 | 4412 | LT )
TABLE IV
SUMAMARY OF CALCULATIONB
: t
Inftial velocity ML P.H . oo 260 270 230 220 300
Lenglh of tuitle] velocity |
______________ | L2
', Batlo{ g } Lo L08 ’ L6 120
; 14.02 | 13.64 | 1328 ! 1204 | 1261
: Fl.nalveloc!ty P H. #0.8 | 251 | 0.0 [ 2l
Imile____{Av velocfty M PH . B0 | ZL3 | B4 | 258
|| Ratt W"e } .............. | 06| 1085 1Lu3! L1
} velocity }
g | mrs | wmi | w26
%03 | 2858 | zos | ®se
Los I.Oﬁ!l Log2| 1106
4188 | 4122 | 4058 | 30.95
295 | o7 | 2560 | 2562
2.0 | W20 | 2661 | 704
i Lesz| rLess. Loe4| Loe2
i Time, o 56.21 | 5% E 5430 | 5409
Floal veloeuy LB EL 212 | »17 | a3 | 2528 B
| ¢mles... Averagevelocf AT M — 2820 3 | 2627 | 2662 LT
! © | Ratto{arerage velodty} 1012, L025| LO%, LOS1| 1L06S Lo
veloclty! | ==
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Fia. 6.—The effect of a diving start on average veloelty. (High speed
racing type alrplanes.)



